I. INTRODUCTION
Many of processes in chemical industries suffer from time delay, because of which the input signal to controller also has delay and, therefore, the performance of control system is poor. To improve the control system performance, some predictors have been used [1] . The methods which have used predictors can be categorized into three classifications:
1. The methods which using a model, predict the time delay parameter and remove it from the open loop.
Smith predictor was the first attempt in this field [2] ; however, it has been lately revealed that Smith's method is very sensitive with respect to the model mismatches, particularly the error in the time delay parameter [3] [4] [5] [6] [7] [8] . Incapability of rejecting load disturbances in the control of processes with integration [9] [10] and inability to control unstable processes [11] are the other problems mentioned for the Smith predictor. To solve these problems, many researchers have presented different methods called Dead Time Compensators (DTCs) [9] [10] [11] [12] [13] [14] [15] [16] [17] . The largest deficit of DTC-based methods is lack of their application for process models in which their transfer function are irrational and the time-delay cannot be factored out straightly from the transfer function. In order to solve this problem, Ramanathan et al [18] [19] [20] 2. The methods which predict input signal to the controller using a derivative mode in their controllers [24] [25] [26] .
In these methods, controllers are considered either as equation (1) [24] or equation (2) [25] and some of the parameters are fixed at a typical value (as recommended in the textbooks on the process control) in order to limit the complexity of PID controller. For example, in [24] and [25] ,
= and N=10 are proposed.
The advantage of these methods is their easy applications in industrial control loops because 93% of the industrial control loops have PID controllers [27] . Also, it is shown that if time delay is small, the performance of a PID controller will be better than a DTC [25] . However, if a large time delay exists, a DTC will have a better performance than a PID.
3. These methods are a combination of the above two methods. In these methods, at first, the output signal of a DTC controller is identified using an identification system method and then the parameters of a PID controller are tuned so that its output signal will be the same as that of the DTC controller [28] [29] .
Because these methods need an identification method, they are seldom used in practice.
In [30] , dominant gain concept is introduced based on the frequency response behavior of an irrational transfer function and in [31] , this concept was used to improve the performance of a time delay control system. In this method, a dominant-gain minimum-phase transfer function, denoted as ) (s G mb is added to the open loop. In this way, the non-minimum phase behavior of the open loop is converted to the minimum phase behavior and then the control loop performance is improved.
In this paper, the proposed method in [31] is studied from a new perspective. In this viewpoint, time delay is considered as infinite RHP zeros and it is shown that how minimum Finally, the proposed method is shown to be a combination of the first and second prediction methods, with no need for an identification method. In this method, without any need for the controller output identification, a PID controller could be designed.
II. DOMINANT GAIN CONCEPT
The concept of dominant gain was proved in [30, 31] . are shown as vectors A, B, C respectively, in the frequency in which A is located against B, C will have minimum length and will be located in the direction of the largest vector (Fig.1) . In this situation, 
Or, if
In the above equations, In Fig. 3 , all the i mg , ω s occur in locations where the non-minimum phase term dominants. Then, according to equation (3), it is expected that all the zeros are located in RHP. Fig. 3 , confirms this expectation. In control systems, the minimum phase behavior (Fig. 2) is much desirable. The most important point is that, if in an open loop with a QRDS structure, a delay-free term is a first order transfer function, by applying a Dominant Gain Constraint (DGC) on the open loop, the control system will become absolutely stable, in spite of the existence of time-delay or any high order dynamics in the process.
Based on the above viewpoints, stability of the proposed method is proved in the following proposition. As is generally known, a control system in which the open loop is a first order transfer function is absolutely stable. Therefore, the proposed control system is absolutely stable, provided that the Dominant Gain Constraint is satisfied for the non-delay term at all frequencies.
III. COMPARING THE PROPOSED METHOD WITH A GENERALIZED SMITH PREDICTOR
As mentioned before, in [18] [19] [20] , a method was presented to compensate for the time-delay. This method is based on Smith predictor and because it is capable of controlling QRDS, it is called Generalized Smith Predictor. The control structure of this method is shown in Fig. 6 . 
Then, all the RHP zeros will be removed from the open loop, however, in the open loop, there are LHP zeros yet. For this system, the characteristic equation will be:
The proposed method in [31] is based on transferring the RHP zeros of open loop transfer function to the LHP using the DGC requirement, instead of requiring a perfect model of the process for eliminating the time-delay from the characteristic equation. The proposed control structure is shown in Fig.7 . 
In this way, all the RHP zeros resulting from the time-delay will be converted to LHP zeros. We may also call the ) (s G mb as "Model Bypass Phase Limiter" (MBPL) compensator, due to the fact that it bypasses all the high order as well as the RHP zeros' dynamics in the loop and limits the phase of open loop function. Thus, by using this compensator, the frequency response behavior of the open loop transfer function will change from delay behavior to non-delay behavior.
The closed loop transfer functions of this system will become:
The characteristic equation is:
The MBPL function " ) (s G mb " should be selected as a minimum phase function. Its addition to the open loop by considering the DGC requirement (equation (6)) results in the conversion of all the RHP zeros in the open loop function to the LHP zeros.
IV. COMPARING THE PROPOSED METHOD WITH A PID CONTROLLER
Because of the existence of derivative mode, PID controllers are known to have predictive properties. But, tuning the controller parameters is complex due to the controllers' high number of parameters. Thus, in order to limit the complexity of PID controllers, some parameters were fixed at a typical value, as recommended in the conventional textbooks on the process control.
On the other hand, since in process control applications, more than 93% of the controllers are of PID type [27] , some of the researchers [28, 29] have tried to transfer Smith predictor performance to an ordinary feedback control loop. To achieve this goal, a combination of the controller and predictor must be approximated as a controller. For example, if the original one is a PI controller, a combination of the controller and predictor is usually approximated as a PID controller. In these methods, PID parameters are identified or approximated using PI controller and predictor parameters. However in the proposed method it is easily converted into an ordinary feedback control loop without any need for approximation or identification. In the proposed method, if the controller is a PI controller and it is combined with ) (s G mb , a PID controller is gained and, by so doing, according to Fig.  8 and equation (12), the proposed control loop is converted to a conventional feedback control loop. Therefore, PID controller parameters are easily found using simple mathematical correlations. (13) where, the subscripts " sol " and " 
According to [32] , the required condition for eliminating the RHP zeros from the quasi-polynomial, like the one in (12) , is:
The first inequality in (15) corresponds to the high frequency gain domination requirement while the second one satisfies the low frequency gain domination requirement. In the mid-frequency ranges, the gain domination requirement can be obtained by changing the second inequality in (15) to:
is the excessive gain requirement of the compensator to guarantee that there is not any remaining RHP zeros in the overall open loop transfer function. Now, the pertinent argument is this: without satisfying the gain domination at high frequencies, it is impossible to eliminate all the RHP zeros from the open loop transfer function while the low frequency and mid frequency RHP zeros are possible to be eliminated perfectly by adjusting the compensator gain of mb K . Therefore, there should be a focus on the order of Proof: Minimum value which satisfies equation (6) is:
Sensitivity functions for the proposed method are obtained as equations (18) and (19):
As seen in the above functions, to whatever level the ) (s G mb value is increased, S(s) increases and T(s) decreases.
Then, the performance will be robust and sluggish by increasing the ) (s G mb value.
Therefore, for the proper performance, equation (6) In Table 1 , two responses which were mentioned in Fig. 9 are compared. As can be seen in this table, the proposed method response has the lower oscillation and lower undershoots.
VII. CONCLUSIONS
In this paper, the proposed method in [31] is studied from a new point of view. In this viewpoint, time delay is considered as infinite RHP zeros and it is shown that how the minimum phase and non-minimum phase behaviors of an irrational transfer function could relate to the location of zeros in the RHP or LHP. Considering that in the proposed method, open loop frequency response was used for determining ) (s G mb parameters, this method does not need an exact model, which is an advantage for the proposed method with respect to the delay prediction methods (i.e., Smith predictor, Generalized Smith predictor and DTcs). Also, when the proposed method is compared with a PID controller, the tuning complexity of a PID controller is not observed, which is because, in the proposed method, derivative mode parameters were determined using a dominant gain constraint.
